Experiments were performed in vitro on six normal thin ventricular epicardial tissue strips and 10 strips removed from the infarcted regions of dogs (Circulation Research 1990;66:202-217) In normal anisotropic ventricular myocardium, conduction velocity is greater longitudinal than transverse to myocardial fiber orientation,1-3 and this has been shown to be due to greater effective axial resistivity in the transverse direction. This is a consequence of the elongated form of the cardiac myocyte and the fact that a wavefront traverses a larger number of gap junctional resistances per unit distance during conduction in the transverse direction. 45 We have recently demonstrated in ventricular epicardial tissues removed from dogs 8 to 13 days after experimental infarction that the normal dependence of conduction velocity on the angle of the wavefront relative to fiber direction is disrupted in the infarcted region.6 Conduction is slow and
In normal anisotropic ventricular myocardium, conduction velocity is greater longitudinal than transverse to myocardial fiber orientation,1-3 and this has been shown to be due to greater effective axial resistivity in the transverse direction. This is a consequence of the elongated form of the cardiac myocyte and the fact that a wavefront traverses a larger number of gap junctional resistances per unit distance during conduction in the transverse direction. 45 We have recently demonstrated in ventricular epicardial tissues removed from dogs 8 to 13 days after experimental infarction that the normal dependence of conduction velocity on the angle of the wavefront relative to fiber direction is disrupted in the infarcted region.6 Conduction is slow and dissociated with multiple areas of local block within the infarcted region.6,7 In these early infarcts, transmembrane action potentials exhibit decreased amplitudes and maximum rates of depolarization.7 While a depressed fast inward current must contribute to the slow conduction in these tissues, we have also demonstrated impaired cell coupling as reflected in a decreased space constant.8 This nonuniform decrease in conduction velocity and disruption in the normal dependence of conduction velocity on the myocardial fiber orientation may be a result of infarction disrupting the distribution and/or function of gap junctions. That an increased junctional resistance can contribute to discontinuity of conduction was recently shown during simulated ischemia in isolated rabbit papillary muscle.9 Notches on the action potential upstroke, indicating discontinuity, occur at the time during ischemia when the internal axial resistance exhibits a precipitous increase. Beyond 2 to 3 weeks after infarction, the maximum rate of depolarization of action potentials returns to normal,10 yet conduction within the infarcted region remains slow and dissociated. ' 1 In addition, ingrowth of fibrous tissue at this time causes muscle bundles to be partitioned and disrupts the normal myocardial fiber orientation in the infarcted region.1' This suggests that the major mechanism for the abnormal conduction in the infarcted region beyond 2-3 weeks has its basis in nonuniform anisotropy because of the disruption in the distribution of gap junctions associated with the fibrous ingrowth. However, in testing this hypothesis, the direct measurement of cell coupling is precluded since uniform parallel fiber orientation is a requirement for measurement of the space constant. 8 Aliphatic alcohols, such as octanol and heptanol, have been shown to increase gap junctional resistance in vitro in several types of tissue, including cardiac muscle.12-14 Previous work from our laboratory has shown that in normal anisotropic canine ventricular epicardium, heptanol slows conduction velocity due to a relatively selective increase in gap junctional resistance. 15 In addition, because of the anatomic distribution of gap junctions in cardiac muscle in which a conducted wavefront encounters more junctional resistance per unit distance transverse to fiber orientation, heptanol has an effect of slowing conduction velocity in the transverse direction to a relatively greater degree than in the longitudinal direction.15 Also, heptanol-induced conduction block occurs first in the transverse direction. 16 Thus, heptanol, which selectively increases junctional resistance, should be a useful tool for evaluating the contribution of abnormal coupling to conduction in infarcted tissues. If regions of very slow and dissociated conduction in the nonuniform anisotropic regions of the infarct are caused by a disruption in the spatial frequency of cell couplings, then such areas should exhibit an enhanced sensitivity to heptanol analogous to its effect on transverse conduction in normal tissues. The present studies were undertaken to test this hypothesis by examining the effects of low concentrations of heptanol on abnormal conduction in infarcted canine epicardium.
We have found that heptanol, at concentrations that have minimal effects on conduction in normal myocardium, selectively induces local conduction block in infarcted tissues in regions having the severest degree of preexisting conduction abnormality. We interpret these findings as indications that the abnormality in conduction was due to an abnormality in gap junction distribution and/or function in the infarcted region.
Materials and Methods

Infarction Procedure
Experiments were performed on six ventricular epicardial tissues removed from six normal dogs and 18 tissues removed from the infarcted regions of 13 dogs, 21 -60 days after experimental myocardial infarction. The infarction procedure has been described previously. 17 Briefly, mongrel dogs weighing between 10 and 15 kg were anesthetized with 30 mg/kg i.v. sodium pentobarbital. Using sterile procedures, the left anterior descending coronary artery was isolated through a limited left lateral thoracotomy during positive pressure ventilation. A snare was placed around the artery just beyond the first diagonal branch. This was followed by a partial occlusion for 30 minutes, then by complete occlusion for 2 hours, after which the snare was released and reperfusion of the coronary artery verified. The chest was closed and routine postoperative care including antibiotic therapy (Tribrissin, 24 mg/kg, 2 times a day for 4 days) was instituted. All aspects of the research were carried out according to "The Guiding Principles in the Care and Use of Animals" approved by the Council of the American Physiological Society.
Isolated Epicardial Tissues
The six normal epicardial tissues were removed from dogs that had not undergone the infarction procedure. The dogs were anesthetized with 30 mg/ kg sodium pentobarbital, their chests opened through a left lateral thoracotomy, and the hearts removed. Epicardial tissue slices approximately 1.5 x 2.5 cm and 2-3-mm thick were sliced from the anterior left ventricle such that the superficial epicardial fiber orientation was parallel to the long axis of the tissue. These procedures have been described previously.7'15 The tissues were transferred to a temperaturecontrolled oxygenated tissue bath and superfused with Tyrode's solution. Pacing was initiated at one margin of the tissue at a basic cycle length of 2,000 msec using constant current rectangular pulses 2 msec in duration at twice diastolic threshold intensity delivered through close Teflon-coated bipolar electrodes. A surface bipolar electrogram recorded from the opposite end of the tissue was used to evaluate conduction during the equilibration period. After the tissues had equilibrated for 1 hour and stability of conduction was verified by a constant conduction time between the stimulating and recording epicardial electrodes for 30 minutes, the epicardial mapping procedures were begun.
Ten infarcted tissues were removed in the same way from the anterior left ventricle of dogs that had undergone the occlusion-reperfusion procedure 21-60 days before the study. Since it has been shown that at this time after infarction ingrowth of fibrous tissue to the infarcted region disrupts fiber orientation," we could not verify the microscopic orientation of the muscle fibers. In addition, after the tissues were placed in the bath, regions of the tissues were not responsive to pacing. Therefore, the location of the pacing and recording electrodes used to monitor conduction during equilibration had to be selected for each tissue individually.
Mapping Procedures
The characteristics of the extracellular waveforms were evaluated in both normal and infarcted tissues using the following mapping procedures. A 45-site plastic template was suspended over but not touching the tissues. The template consisted of a matrix con- taining five rows and nine columns of holes separated by 2.5 mm, which were used to guide the mapping probe. The probe consisted of a dual bipolar electrode array arranged orthogonally with the axis of A B one pair oriented along the long axis of the tissue (designated X) and the other pair oriented along the short axis of the tissue (designated Y). Each pole of the orthogonal array was 0.3 mm in diameter, and the distance between the poles of a given bipolar pair was 0.6 mm. The electrode array allowed us to record two simultaneous bipolar electrograms. This technique has been previously described.15,18 For each tissue, a 40-45-site activation map was generated during pacing at a basic cycle length of 2,000 msec by moving the roving orthogonal electrode sequentially to each recording site. For normal tissues, the intrinsic activation was taken as the peak or baseline crossing of the electrogram. An example is shown in Figure 1A ; examples of such maps are shown in Figure 2 . The boundaries of the maps indicate the recording area. The tissues were larger and extended beyond these borders. The smaller-sized numbers are activation times in milliseconds rounded to the nearest whole number. These activation times were used to generate isochronal lines using an interpolation algorithm. 19 For the infarcted tissues, the selection of the intrinsic activation time for generation of the maps FIGURE 2. Examples of activation sequence maps derived from a normal epicardial strip (experiment 3, Table 2 In addition, for each set of adjacent sites a "net conduction velocity" was calculated for the wavefront traversing the region bounded by the four sites. The larger numbers in Figure 2A are these conduction velocities in meters per second rounded to two decimals. An example is the area bounded by the solid lines in Figure 2A . In the example, the net conduction velocity across the region was 0.51 m/ sec. To derive this "net conduction velocity," an algorithm was used that calculated the net vector of the conduction time across the area using the following relation: net conduction time = [(A-D)2+(B-C)]"1/2 where A through D are the activation times at the four corners of an area as indicated in Figure 2A by the circled letters A through D. Net conduction velocity was calculated as the diagonal distance between sites (i.e., 3 .54 mm) divided by the net conduction time. In a similar way, each net conduction velocity was calculated for the 28 areas. The calculation also yields the net direction of the wavefront as indicated by the arrows in Figure 2B . For a uniform wavefront traversing a region at a constant velocity, the above calculation yields a true conduction velocity and vector direction. For a microscopically dissociated wavefront of varying velocity that can occur in an infarcted region, the calculation yields the net of all velocity vectors across the region. True conduction velocities in infarcted regions can be determined only if the mapping is of sufficient density to resolve each vector. This may be unattainable given that large degrees of fractionation are still seen in the electrograms of some regions using even close bipolar electrodes of 0.6 mm spacing. Nonetheless, the net conduction velocity does allow us to quantify a degree of conduction abnormality in a region and provides a basis for comparing conduction in different regions. In the case of normal tissues where the fiber orientation can be determined, the vector direction of the wavefront can be used to quantify net conduction relative to the myocardial fiber orientation.
Electrogram Characteristics
The electrograms at each recording site were characterized in terms of amplitude and length. Examples are shown in Figure 1 . The amplitude at a site was determined as the maximum vector amplitude of the X and Y components of the orthogonally recorded electrograms. The length of an electrogram was taken as the time between the first activity exceeding 0.1 mV and the last deflection above 0.1 mV. These measurements have different implications depending on whether they are obtained from normal or multicomponent, fractionated electrograms. As seen in Figure 1A for the normal electrogram containing only a single complex, the measurements of amplitude and length unambiguously characterize the magnitude and duration of the electrical signal generated by a single uniform wavefront. For the multicomponent electrogram of Figure 1B , the amplitude is that of only the largest component and the length encompasses multiple signals generated by the multiple nonuniform wavefronts. As such, the greater the length the more asynchronous is activation at the recording site. A site was defined as inactive if there were no fast components exceeding at least 0.1 mV in both X and Y electrograms. All measurements were made from data photographed on 35-mm film from the face of an oscilloscope and projected on a manual digitizer board coupled to a computer (model 9836, Hewlett-Packard, Palo Alto, California). The system had a time resolution of 0.1 msec and a voltage resolution of 20 ,iV. The justification for these criteria of measurement have been presented previously.2'
Experimental Protocols
The mapping protocol for both the six normal and 10 infarcted epicardial tissues was as follows. After the equilibration period and verification of stability of conduction, a 40-45-point activation map was recorded. The time required for a single map was approximately 10 minutes. After a control activation map was recorded, heptanol was added to the tissue bath at a concentration between 0.2 and 1.0 mM. Dual orthogonal bipolar electrograms were recorded from a site at the midportion of the plaque to follow the onset and time course of heptanol's effect. Previous work15 has shown and the present studies verified that heptanol at these concentrations begins to slow conduction velocity within 1-2 minutes and plateaus at 10-15 minutes after its addition. Activation sequence maps were repeated at 30 minutes after the addition of heptanol. After 
Results
Effects of Heptanol on Macroscopic Conduction in Nornal Tissues
In previous studies on normal epicardial tissues, we have shown that heptanol at a concentration of 1 mM slows conduction velocity transverse to fiber orientation to a greater degree than longitudinal and that conduction block does not occur. Tables 1 and 2 corroborate these findings. Figure 2 and Table 1 for normal tissues to evaluate the effects of heptanol in the infarcted tissues. To summarize the effects of heptanol in infarcted tissues, the data of Figures 3 and 4 present isochronal maps in which the areas of block (where no electrograms were recorded during control) are indicated by the dashes, and macroscopically slow conduction is indicated by the closely spaced disorganized isochrones.
In Figure 3A and 3B, repeated maps were obtained to evaluate the stability of the preparation over time. In these experiments, additional epicardial maps were obtained either during control ( Figure 3A) or after the addition of heptanol ( Figure 3B ). Although isochrones derived from activation times are shown on the maps, only the calculated conduction velocities are indicated. In Figure 3A , maps from an infarcted tissue of experiment 10 ( Figure 3A ), the map obtained at 135 minutes after the initial control map shows that all of the previously blocked sites had returned to activation, and six additional sites that had not been active during control now exhibited activity (See Table 2 ).
These effects of heptanol are shown in a more dramatic fashion for the data of the infarcted tissue of experiment 8 (Table 2 ) and are presented in Figure 3B . The upper panel shows the control activation sequence map. There was a large area of very slow conduction as indicated by the closely spaced isochrones in the midportion of the tissue. The next panel shows that after the addition of heptanol at +45 minutes following control, 11 previously active sites became inactive. These sites were either within the very slow conducting region of the midsection of the tissue or were adjacent to sites that were inactive during control. The third map in the sequence shows a repeat measurement in heptanol at 85 minutes after control. This map shows a conduction pattern similar to the previous map. The lower map presents data following washout of heptanol at 150 minutes after the initial control map. In the washout map, sites that had become inactive following heptanol now became active together with three additional sites. Although the overall sequence of activation following washout was similar to that seen in control, conduction in the midsection of the tissue had improved compared with control, as indicated by the wider spaced isochrones in this region.
An important finding suggested by the data of Figure 3 is that heptanol did not cause random sites to become inactive, but that this effect was concentrated preferentially in regions of very slow conduction or regions bordering on inactive areas. Analyses presented later, which subdivided conduction in regions having sites that became inactive after heptanol from those that did not, will quantify its pref- Examples of activation sequence maps obtained in two infarcted tissues. Column A was from experiment 10 and column B experiment 8 of The data of Table 3 present the effects of heptanol on electrogram amplitude and length in the normal and infarcted tissues. The infarcted tissues had significantly longer lengths than the normal epicardial tissues due to the presence of multiple components (see Figure 1) superfusate (abscissa). Panel C is a plot of the total blocked. r, the regression coefficient for the line drawn through electrogram length (ordinate) displayed on the comthe data points. This was obtained by linear regression analysis mon abscissa. Notice in panel B that within minutes of the linear transform of the log data. p, probability; n, after the addition of heptanol, the activation time to number of areas over which the calculations were made.
each of the electrogram components began to Additional statistical data for this figure are contained in increase. The increases in activation time for compo- Table 4. nents b and c were greater than that for component a as indicated by the divergence of the three data plots in panel B and by the increasing length of the more abnormal electrogram characteristics (i.e., lower electrogram over the first 20 minutes in panel C. At amplitude and more prolonged length). This is shown 24 minutes after the addition of heptanol, there was by Figure 5 , in which the ratio of the electrogram an abrupt decrease in the length of the electrogram.
length to electrogram amplitude is plotted versus the The cause of this abrupt decrease can be seen by conduction velocity across regions of tissue bounded comparing the data of Figure 6B and 6C at the time by four adjacent sites (see Figure 2) . The length and indicated by the left vertical dashed line. At this time, amplitude in each case were calculated as the mean the c component of the electrogram had suddenly value of the four adjacent sites used to determine the dropped out. In Figure 6A , the electrograms indiconduction velocity. Figure 5 demonstrates that segcated by 2 were obtained just after this happened and ments of infarcted tissues that exhibited slower net show that component c was no longer being recorded. conduction velocities were more abnormal, having At 28 minutes after the addition of heptanol, comhigher ratios of electrogram length to amplitude. ponent b of the electrogram also dropped out, resultThis higher ratio indicates a decreased density of ing in a further decrease in length of the electrogram surviving fibers and/or more asynchronous activation.
to 31 msec ( Figure 6C ). Of note, the initial large Also, Table 4 shows that the ratio of length to component of the electrograms (a) persisted throughamplitude was greater in regions with sites that out the experiment, and the time course of the blocked after heptanol. These latter findings substanheptanol effect on its activation time (a of Figure 6B ) tiate the data that heptanol preferentially affects was similar to that reported for heptanol's effect on regions of infarcted tissue in which conduction is conduction in normal epicardial strips.15 initially more severely disrupted (Figures 3 and 4) . Some Figure 6A shows and records displayed in Figure 7 . In the case of around sites of block and over the upper margin beyond the area of the recording sites. Subsequent activation over much of the tissue was primarily in a top to bottom left direction. The complexity of conduction on the microscopic scale can be appreciated by considering the electrograms displayed in Figure  7C . The circled activation time of 150 msec (labeled A in Figure 7A ) corresponds to the activation time of the a component of the electrogram displayed in Figures 6A and 7C . This site was close to an area of block ( Figure 7A ) and surrounded by sites that were activated at 196-199 msec (labeled B-E), which was approximately the activation time for the b component complex shown in Figure 7C by the second vertical dashed line. This suggests that there was a major fast wavefront (first deflection) followed by a distribution into neighboring segments within the field of view of the recording site labeled A in Figure  7A , producing the later b and c components. The activation time for component c of electrogram A in Figure 7C was 225 msec during control. For the c component, there were no adjacent sites exhibiting large complexes corresponding to this time. Thus, the c component may represent a local slowly moving wavefront or a wavefront too small and distant to generate higher amplitude components. In Figure  7B , it can be seen that sites surrounding site A became inactive after heptanol. Thus, those wavefronts that had contributed to components b and c of the A electrogram no longer existed. The activation time of site A had increased to 183 msec with heptanol and was still engaged by a downward moving wavefront similar to that during control. Thus, shortening of the electrogram by heptanol appears to be due to induced block of asynchronous wavefronts moving in the region of the recording, thereby eliminating the contribution of these wavefronts to the recorded electrograms. If the above mechanism for the reduction in electrogram length is operable throughout the infarcted tissues, then one would predict that electrograms recorded in poorly coupled regions with more severely abnormal characteristics (that is, longer length and lower amplitude) would be more prone to exhibit a decreased length after heptanol because components would drop out ( Figure 8 and Table 5 ). In Figure 8 , the change in length is plotted for all electrograms recorded in infarcted tissues after heptanol versus the control ratio of length to amplitude. Also, the control ratio of length to amplitude of all sites that were active but blocked after heptanol is shown at the lower portion of the graph. Figure 8 and Table 5 show Table 5 .
included. Table 5 and Figure 8 , on the other hand, include electrograms recorded from all active sites.
Effects of Heptanol on Membrane Depolarization in Infarcted Tissues
While the effects of heptanol on conduction in normal canine ventricular tissue have been shown to be due to a relatively selective increase in gap junctional resistance,15 the possibility exists that the depolarization phase of action potentials in the infarcted region, although normal, may be more sensitive to heptanol than that of noninfarcted myocardium. Therefore, the above effects of heptanol on conduction in the infarcted tissues may be due to its depression of the fast inward current. The data of Figures 9 and 10 show that heptanol has relatively little effect on action potential depolarization in infarcted tissues. Figure 9 presents the effects of heptanol on action potential amplitude and maximum rate of depolarization for nine cell impalements in eight infarcted tissues. That these recordings were made in areas of abnormal conduction was verified by simultaneous extracellular recordings in the same region showing multicomponent, fractionated activity (Figure 10 ). In A, the sites for the AP1 and AP2 impalements were separated by only 0.8 mm, while the difference in their activation times was 6.3 msec. Even though conduction was slow and disorganized in these regions the action potential upstrokes were not depressed. The control mean amplitude was 100.4 mV, and the mean maximum rate of depolarization was 124.2 V/sec ( Figure 9 ). This is similar to what others have found.'1 After the addition of 0.5 mM heptanol, Figure 9 shows that the mean conduction time from stimulus to the action potential upstrokes increased by 26.4% (from 45.5 to 57.5 msec). In the example shown in Figure 10 , the conduction time to AP, increased from 59.5 msec in A to 63.8 msec in B.
Although the impalement could not be maintained for AP1, the small inflection remaining on the record was used to derive this activation time. Figure 9 shows that heptanol nonsignificantly decreased action potential amplitude by 4.4% and significantly decreased the maximum rate of depolarization by only 10.7%. In a previous study on ventricular epicardial tissues 5-8 days after infarction in which the action potential depolarization phase was depressed, we estimated that a 28% decrease in conduction velocity would be associated with a 15% reduction in action potential amplitude and a 56% reduction in maximum rate of depolarization.8
Discussion
The major findings of this study are that conduction in infarcted epicardial tissues is more susceptible to the effects of heptanol than normal myocardium and that, in infarcted tissues, areas that show more severe disruption in conduction and have longer length and lower amplitude electrograms are most affected by heptanol.
In a previous study of normal epicardial tissues, 1 mM heptanol caused a 10% decrease in conduction velocity in the direction longitudinal to fiber orientation and a 30% decrease in the transverse direction. However, conduction block did not occur.15 In the present study, heptanol caused a decrease in the longitudinal conduction velocity of 4.0% at 0.2 and 0.5 mM and 8.0% at 1.0 mM (Table 1) . Transverse conduction velocity was decreased by 9.7% at 0.2 and 0.5 mM and 16.4% at 1.0 mM. Of note, conduction block was not observed. In contrast, in the infarcted tissues, 75 of the 260 sites at which electrograms could be recorded during control became inactive following heptanol at low concentrations of 0.2 and 0.5 mM (Figure 4 ). Abnormal conduction is reflected not only in closely spaced or disorganized isochrones in activation maps but is also reflected locally as prolonged and low amplitude fractionated electrograms ( Figure 7C ). Sites in areas of very slow conduction or adjacent to areas of block were more likely to become inactive after heptanol (Figure 4 ). Sites that did not block after heptanol but exhibited more abnormal electrograms during control showed a larger decrease in length and degree of fractionation after heptanol (Figures 6 and 8 ). This effect of heptanol on electrogram length appears to result from a local block of wavefronts, which contribute to the fractionated electrograms (Figure 7) . Of note in a previous in vivo study using acetylstrophanthidin,22 which is also an uncoupling agent,23 it was found that the activation times of sites in the infarcted region of the ventricle were decreased by intravenous acetylstrophanthidin. In addition, acetylstrophanthidin selectively shortened the time at which electrograms terminated relative to the QRS complex only for the more abnormal sites. The mechanism may be the same as that for heptanol in the present study.
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The sensitivity of conduction in infarcted tissues to the uncoupling effects of heptanol can be understood in terms of the substrate responsible for slow conduction. During the early postinfarction period (5-8 days), experiments in infarcted canine epicardial tissues have demonstrated a reduced space constant.8 At this period, action potential depolarization is also depressed and only a part of the conduction slowing in the infarcted region can be accounted for by cell uncoupling. However, as previously reported,10 beyond 2-3 weeks after infarction action potential depolarization has largely returned to normal values ( Figures   9 and 10) . Therefore, the persistent slow and dissociated conduction seen during this time may be due to a chronic disruption in cell coupling. Heptanol has been shown to slow conduction in normal anisotropic canine epicardium primarily due to an increase in junctional resistance without significant effects on action potential depolarization. 15 The greater effective axial resistance in the transverse direction to fiber orientation appears to be due to larger contribution of junctional resistances in this direction.45 Therefore, by increasing junctional resistance, heptanol has a greater relative effect on slowing conduction in the transverse direction, and if block occurs, it happens first in the transverse direction. 16 In transferring this analogy to infarcted tissues, if slow conduction in infarcted regions is caused by an increase in coupling resistance, whether it be due to fewer gap junctions distributed between sparse populations of surviving cells and/or due to abnormal individual gap junctions, one would expect that heptanol should have a greater effect in those areas where coupling resistance is already critically affected. Joyner and Overholt24 recently verified that there is a restricted pathway for intracellular current flow across the Purkinje muscle junction by showing that octanol preferentially slows propagation from Purkinje to muscle. Such a preferential effect of heptanol on conduction was found in infarcted tissues in the present studies and, together with the fact that heptanol had little effect on action potential depolarization (Figures 9 and 10 ), provides evidence that the underlying defect in conduction in the infarcted tissue was due to abnormally high coupling resistance between surviving cells.
The present studies suggest that uncoupling agents may decrease the asynchrony of activation in the infarcted region since following heptanol the more severely abnormal areas were those that tended to block ( Figure 4 and Table 4 ) and only relatively more normal conducting areas were left. These more normal areas would be expected to be less affected by heptanol at low concentrations as was found for normal myocardium (Figure 2A and Reference 15). The impression that heptanol might "improve" conduction in the infarcted region must be tempered since there may have been a gradual improvement in conduction with time in the tissue bath ( Figure 3) . Also in the 10 tissues there were 15 sites that showed no activity during control but that became active following heptanol (Figure 4 ). An alternative explanation for time-dependent improvement is that heptanol, by causing uncoupling in one region of the tissue, may "electrically unload" a pathway in an adjacent region and thus allow conduction to occur. To support the conclusion that the appearance of activity at previously blocked sites is associated with an effect of heptanol is the fact that the activity never occurred spontaneously during successive epicardial maps but was always associated with a heptanol intervention (either the addition of heptanol or after washout of heptanol).
Heptanol is an extremely toxic agent when administered intravenously. This toxicity precludes evaluating its antiarrhythmic efficacy in vivo. However, the selective effect of heptanol on eliminating abnormal conduction in infarcted myocardium suggests that less toxic agents that possess heptanol's potent uncoupling effects may have antiarrhythmic action in the setting of chronic infarction.
